140                 XIV. CHANGES OF STATE OF AGG-KEGATIOK
140. Conditions of phase equilibrium. When two different phases of the same substance are in equilibrium with each other their pressures and temperatures are obviously equal, and we shall now show that the thermodynamic potentials fp of a unit mass in the two phases are also equal.
Let vf, sf, u', y be the volume, entropy, energy, and potential at given pressure per unit mass in one phase, say the higher phase (Chap. I, § 15), v", s", u", f/ the corresponding quantities for the other phase. Then if a mass m passes from the first to the second phase by a reversible transformation at temperature T and pressure p the quantity of heat absorbed is mT(s" — s'), the work done by expansion is mp(v" — v'} and the increase of energy is m(un — ur). Hence by conservation of energy
(226)                      u" - *' = T(s" - 5f) -p(if' - vf) i. e.
(227)                       u" - Ts" + pv" = u' - Tsr + $>vr or
(228)                                f/ = y.
The same conclusion can be put into a more general form by considering the expression for the available energy of the complex when subjected to the condition of constant pressure and temperature. If m! and mn are. the masses of the substance in the two phases this available energy is by § 90 given by
(229)                                  ^ = m'y + w'V-
If y > y A may be decreased by the transformation of part of the complex from the higher to the lower phase, and therefore this transformation will tend to take place and will be irreversible. Similarly if y < y a transformation from the lower to the higher phase will tend to take place and will be irreversible.
The former case represents an instance of what is called a supersaturated complex, the latter of an unsaturated complex. For equilibrium we must have y = y and the complex is then saturated (§ 15).
At the same time in an ordinary supersaturated or unsaturated complex, such as occurs with water and steam, when condensation or evaporation is taking place, the temperature is not necessarily uniform, nor is the pressure quite uniform when the parts are in rapid motion as when water is being boiled briskly. In no case does equilibrium exist except when JP, T, fp are the same throughout the complex.
The thermodynamic potential \p involves two integration constants, one multiplied by T. But if the two phases can be connected by a